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A PROGRAM FOR CALCULATING TURBOFAN-DRIVEN LIFT-FAN 


PROPULSION SYSTEM PERFORMANCE 
Michael E. Tauber, Allen E. Fuhs,* and John A. Paterson 
Ames Research Center 


SUMIARY 


A computer program for calculating the performance of a turbofan-powered 
lift-fan propulsion system for vertical takeoff and landing (VTOL) aircraft 
has been written. The program provides quick approximate propulsion system 
performance Information and can be used by persons unfamiliar with the thermo- 
dynamics of engine-cycle analysis. 

Since VTOL aircraft propulsion systems are generally sized by takeoff 
thrust requirements, the program is limited to horizontal and vertical air- 
craft velocities that are small in comparison with the propulsion exhaust 
velocities. The program formulation consists of taking bleed air from a turbo- 
fan engine, heating the bleed air in an interburner, and passing it through a 
tip turbine to drive a lift fan. Two options are available: bleed air from 
the engine exhaust, or bleed air that has passed through the engine fan only. 


INTRODUCTION 


Option 1: Exhaust-Bleed Drive 

The first program option (OPTION = 1) is formulated for air that is bled 
from the turbofan engine exhaust after the low-pressure fan air and hot core 
air have been mixed. Although an afterburner can be present, the afterburner 
is not used during takeoff (to avoid ducting of very high temperature gases) . 
The mass fraction of the exhaust that is bled is one of the program inputs. 
The bleed air passes through an Interburner, to Increase its temperature, and 
then goes through a tip turbine to drive the lift fan. The vertical thrust 
comes from the lift-fan exhaust, the tip-turbine exhaust, and the engine 
exhaust by canting the nozzle downward. 


Option 2: Fan-Bleed Drive 

An alternative to the method of option 1 is to use cool, lower pressure 
air that has passed through the engine fan only to drive the lift fan 
(OPTION ■ 2). It is assumed that all the bypass air that has been compressed 


^Chairman, Department of Mech. Engineering, Naval Postgraduate School, 
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by the fan is bled, ducted through an interbumer to be heated, and continues 
from there to the tip turbine, thereby driving the lift fan. The vertical 
thrust, again, comes from the lift-fan and tip-turbine exhaust and the engine 
central core exhaust, which can be directed downward. 


Performance Criteria 

The following system performance criteria are calculated: the thrusts of 

the lift fan, the tip turbine and the engine; the specific thrust and the 
specific fuel consumption of the entire propulsion system. In addition, the 
exhaust velocities from the lift fan, tip turbine and engine are given. If 
required, the corresponding mass flows are readily available by dividing each 
component thrust by its exhaust velocity. 


ASSUMPTIONS 


The major assumptions in the analysis relate to the state of the gas, the 
heating value of the fuel, the operating conditions, and the system component 
efficiencies. The gas flowing through the power plant is assumed to be calori- 
cally and thermally perfect. A calorically perfect gas has constant values of 
specific heat, both at constant pressure and constant volume; a thermally per- 
fect gas does not dissociate. The heating value of the fuel is assun^d to be 
18500 BTU/lb; however, the mass flow of fuel is neglected in comparison with 
the airflow through the engine. Only operation at sea level is considered and 
at horizontal and vertical aircraft velocities that are small in comparison 
with the exhaust velocities of the jet engine and lift fan, respectively. A 
Mach number of 0.4 is used at the main engine face and lift-fan face. 


DESCRIPTION OF INPUTS 


The inputs begin with a choice of systems: For the engine exhaust-bleed- 

drlven lift fan, the input is OPTION = 1; while for the engine fan-air-bleed- 
drlven lift fan, the input is OPTION * 2. The remaining inputs consist of 
eight engine or component efficiencies, the limiting turbine inlet temperatures 
of the engine and tip turbine, the compressor face areas of the engine and of 
the lift fan, the engine bypass ratio, six total pressure ratios, and the 
exhaust ratio, defined below. A NAMELIST input format (called DATA) is used, 
and default values for all inputs are provided. A listing of the Inputs 
follows. 
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Fortran 




Name 

Variable Description 

Units 

Default 

OPTION - 1 

Exhaust-bleed drive 

None 

1 

OPTION - 2 

Fan-bleed drive 

None 

1 

STAFF 

Engine-fan efficiency 

None 

0.85 

ETAF 

Lift-fan efficiency 

None 

0.85 

ETAC 

Compressor efficiency 

None 

0.85 

ETAHT 

High-temperature turbine efficiency 

None 

0.9 

ETALT 

Low-temperature turbine efficiency 

None 

0.9 

ETAT 

Tip-turbine efficiency 

None 

0.85 

ETABB 

Engine burner efficiency 

None 

1.0 

ETAB 

Interbumer efficiency 

None 

1.0 

THTMAX 

Maximum engine turbine temperature 

®R 

3000. 

TTMAX 

Maximum tip-turbine temperature 

"R 

2360. 

AFF 

Engine compressor face area 

ft2 

19.63 

AF 

Lift-fan compressor face area 

ft^ 

28.27 

B 

Engine bypass ratio 

None 

1.0 

PIFF 

Engine fan compression ratio 

None 

1.7 

PIF 

Lift-fan compression ratio 

None 

1.2 

PIC 

Engine compressor compression ratio 

None 

14.7 

PIBB 

Engine burner pressure loss ratio 

None 

0.95 

PIB 

Interbumer pressure loss ratio 

None 

0.90 

PIMIX 

Engine plenum mixing pressure loss ratio 

None 

0.90 

E 

Exhaust ratio: fraction of engine mass flow 

None 

0.5 


being exhausted (i.e., not used to drive 
lift fan) 


DESCRIPTION OF OUTPUTS 

For each option, there are 10 output quantities to represent thrusts, 
exhaust velocities, and specific thrust and fuel consumption of the system. 


Fortran 



Name 

Variable Description 

Units 

TF 

Li ft- fan thrust 

lb 

TT 

Tip-turbine thrust 

lb 

TE 

Thrust of engine exhaust 

lb 

VF 

Lift-fan exhaust velocity 

ft/sec 

VT 

Tip-turbine exhaust velocity 

ft/sec 

VE 

Engine exhaust velocity 

ft/sec 

1 

Specific thrust: total system thrust divided by 

total system air flow 

sec 

SFC 

Specific fuel consumption: total system fuel flow 

divided by total system thrust 

lb fuel 
lb thrust /hr 

R 

Ratio of lift-fan plus tip-turbine thrust to engine 
exhaust thrust 

None 
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Fortran 

Name 

IFF 

m 


Variable Description 

Total thrust of engine fan (Option 2 only) 

Mach number In mixing region for engine fan and 
core flow (Option 1 only) 


Units 

lb 

None 
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C 

C 

C 

c 

c 

c 

c 
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LIFTFAN PERFORMANCE PROGRAM 


600 
C — 

10 


EAGINE EXHAUST DRIVEN LIFT FAN (OPTION 1) 

AND FAN EXHAUST DRIVEN LIFT FAN (OPTION 21 
REAL M5tM5P.M6f M6PPtM7tMBBMB«I »K»LtMOar 
Gl(X)=l,+F7*X*»2 
G2(X)«G1(X1«*F8 
G3(XI«.3673<‘B»G2(X) 

GA(X)s*3993*G2(X) 

G5(X)-F10*Gl(X)-l. 

G6(X)s$QRT(G5(Xl I 
G7(X)»G3(X)/F12 

68(X)sl.-G4(X)4‘Fl6/(F134>G6( X)i 
F(X)*67(X)/G8(X»-X 

NAMELIST /DATA/ OPTION , ETAF F.ETAF.ETAC, ETAHT.ET ALT ,ETAT , ETABB , 
ETABtTHTMAX,TrMAX,AFF,AF,BtPIFF,HF,PICtPI8B,PIB,PIMIX,E 


> 00 ) 


GAH-1.4 
WRITE (6f6 
FORMAT! IHl 
-SET DEFAUL 
OPTICN=l 
ETAFF«.85 
ETAF*. 85 
ETAC-.85 
ETAHTa.9 
ETALT».9 
ETAT*.85 
ETABB-1.0 
ETAB*L.O 
THTMAX*3000. 
TTHAX*2360. 

AFF«19.63 

AF»28.27 

B*1.0 

PIFF*1.7 

PIF*1.2 

PIC*14.7 

PIBB*.95 

PIB*.9 

PIM!X*.9 

E».5 

-READ INPUT QUANTITIES. 
READ (5. DATA) 

IF (OPTlON.NE.ll GO TO 


VALUES FOP INPUT QUANTITIES. 


100 



oon 


OPTION 1 (ENGINE EXHAUST DRIVEN LIFT FAN), 


601 


602 

15 


603 




KRITE (6,601) ETAFF,ETAF,ETAC,eTAhTjETALT.ETAT,ETAB6,ETAB,THTPAX, 
1 TTMAX,AFF,AF,B,PlFF.PIF,PlC,PIBB.PtB,PIMIX,S 
F0RMAT(////35X,30HENGINE EXHAUST DRIVEN LIFT FAN// 


ETAFsF6.3,9H 
£TAT=F6.3,9H 
TTMAX«F6«1,9H 
PIPF«F6.3,9H 
PIB>F6.3f 9H 


ETAC>F6.3,9H 

ETABB«F6.3,9H 

AFF«F6.3,9H 

PIF»F6.3,9H 

PIMIX«F6.3,9H 


ETAHT-F6.3, 

ETAB*F6.3/ 

AF»F6»3, 

PIC»F6.3/ 

E»F6.3) 


1 9H ETAFF»F6.3,9H 

2 9H ETALT=F6.3,9H 

3 9H THTNAX*F6.1,9H 

4 9H B*F6.3,9H 

5 9H P|BBsF6.3,9H 

Fl*(GAM-l. )/GAM 
TAUF=1.-KPIF**F1-1.)/ETAF 
F2»TAUF-1. 

IF (F2.GT.0.) GO TO 15 
WRITE (6,602) F2 

FQRMAT(/4H F2= ,E13.5,3X, 19HF2 SET EQUAL TO 0,5/) 

F2®Q«5 

T F=2434 .♦AF*SQRT ( F2 ) 

F3*(PIFF*»F1-1.)/ETAFF 

F4e(PIC**Fl~l,)/ETAC 

F5*l.+3 

F6*F5/£TALT 

PILTG»1.-F6*F3/(THTMAX/519.-(F3+1.)*F4) 

PIHTG»1.-519.*(F3+1.)*F4/(THTMAX*ETAHTI 

F7«(GAN-l.)/2. 

F8«(GAH4l.)/(2.*(GAH~l.)) 

F9«.5*Fl 

F10»PILTG*PIHTG*(PIBB*PIC)»*F1 

FH»SQRT(F10) 

F12«F5*PIFF4*Fl 

F13=F5#PIFF*F11 

F14*l.-ETALT*(l.-PILTG) 

F15=1.-ETAHT*(1.-PIHTG) 

IF (F14.GT.0..AN0.F15.GT.0. ) GO TO 20 
WRITE (6,603) 

F0PMAT(/60H M5P CANNOT BE FOUND, CYCLE INOPERATIVE. GOING TO NEXT 
ICASE.) 

GC TO 10 

Fl6aSQRT(F144Fl5) 

—SEARCH FOR ROOT TO TRANSCENDENTAL EQUATION TO GET VALUE FOR MSP. 
Xl*0.05 

IF”}f?X1»»F(X2I.LT.O. ) GO TO 25 
WRITE (6,603) 

GG TO 10 


25 Xi.5*(Xi+X2) 

DO 35 J»l,8 



30 


35 

C- 

40 


605 

45 


606 

50 


607 

55 


IF (G5 ( XI ) .GT .0. .AND. G5 (X2 ) .GT.O. .AN0.G5 ( X i .GT.O . i 
WRITE (6r603l 
GO TO 10 
Vl=F(Xl ) 

Y2»FCX2I 
Y*F(X» 


GO TO 30 


jp <Yl*Y.GT, 


• Q. ) 

• O.) 

• 0 .) 


Xl> 

X2« 

GO 


’X 

X 

TO 


40 


(Y14Y.LT. 

IF <Y14Y.EQ. 

Xs.54(Xl-t-X2) 

CONTINUE 

—END OF SEARCH FOR ROOT. 

M5P»X 

Fl7«l./Fl 

P5P«2116.*PIFF/G1(M5PI*4F17 
F18»5.*(F104(PIFF42116./P5P|*4F1-I.I 
IF (F18.GT.0.) GO TO 45 
WRITE (6.605) F18 

FQRMAT(/5H F18=,El3.5f 3X,20HF18 SET EQUAL TO 0.5/) 

F18*0.5 

M5sSQRT(F18) 

T5-THTMAX4F144F15/GKM5) 

V5«49.4M54S0RT(T5) 

T5P-519.4PIFF44FI/G1(M5P) 

V5P=49. 4M5P4SQRT ( T 5P ) 

G«AFF4P5P4.97484AFF4(V5+V5P46)/F5 

TT5«T5*G1(H5) 

TTla5l9.4(l.4(PIFF44Fl-l.)/ETAFF) 
TT6=(TT5+B*TTl)/F5 
K*47.774AFF4SQRT(TT6)/G 
IF (K.LT.SQRT(.54GAM) ) GO TO 
WRITE (6.606) K 
FORMAT!/ 3H K»E13. 5.3X, 60HN0 
1 GCING TO N"vT CASE.) 

GO TO 10 
F19=2.*K44c oAM 
C1*2.*F 19/ (GAM*( F1941. ) ) 

C2»2.*K4*2/(GAM**24(ri9*l. ) I 
F20»C14*2-4.*C2 
IF (F20.GT.0. ) GO TO 55 
WRITE (6.607) F20 
F0RMAT(/5H F20*. E13.5. 3X. 20HF20 
F20«0.5 

F21«(SQRT(F20)~Cl)/2. 

IF (F21.Gt.O.) GO TO 60 
WRITE (6.608) F21 
FCRMAT(/5H F21=»E13.5.3X, 20HF21 
F21«0.5 


50 

SOLUTION TO MIXING MACH NO. EQUATION. 


SET EQUAL TC 0.5/) 


SET EQUAL TO 0.5/) 


608 



60 


609 

65 


610 

70 

611 

75 


80 

85 

612 


M6*SQRT(F21) 

T6=TT6/ (l.+F7«M6 I 
P6sG/(AFF*(l.^GAM«M6**2}) 

PT6»P6* G1 < M6 ) **F 1 7 
F22=5.*C(P6/2116. ^♦♦Fl♦Gl(M6l-l• I 
IF (F22.GT.0.) GO TO 65 
WRITE (6.609) F22 

FORMAT! /5h F22= .E13.5, 3X, 20HF22 SET EQ'JAL TO 0.5/) 
F22>0.5 

M6PP»SQBT(F22) 

TE*A7. TTfA FF*E*M6 PP*SQRT( TT6/G1 ( M6PP ) ) 
F23='1.-519.*AF»( l.-TAUF)/(TTMAX*ETAT*AFF*( l.-E) ) 
PT72G»( PIB*PIMIX*PIFF)**F1*F23 
F26»5.*(PT72G-1. ) 

IF (F24.G7.0.) GO TO 70 
WRITE (6.610) F24 

FORMAT! /5H F24*,E13.5*3X,20HF24 SET EQUAL TO 0.5/) 

F24»0.5 

M7»SQRT(F24) 

F25=1.-519.*AF*( 1 .-TAUF )/ (TTMAX*AFF* ( l.-E ) ) 
77»TTMAX*F25/G1(M7) 

IF (T7.GT.0. ) GO TO 75 
WRITE (6,611) T7 

FORMAT! /4H T7=,E13.5,3X,19HT7 SET EQUAL TO 0.5/) 

TT*47.774AFF4M7*(l.-e)4SQRT(T7) 

R*(TF+TT)/TE 
F26»TF^TT^TE 
1»F26/(31,4*(AFF+AF) ) 

TT2»519.*il.+F4)*(l.+F3) 

F27»TI2*(THTMAX/TT2-1. )/(ETABB*F5) 
F28*TT64(1.-E)*(TTMAX/TT6-1.)/ETAB 
MBBMB»l.265E-5*AFF4( F27+F28) 

S FC«1 .1 59E54M8BMB/F26 
IF (F2.GT.0. ) GO TO 80 
WRITE (6,602) F2 
VF«2497.*SQRT(F2) 

VE»49.*M6PP»SQRT(TT6/G1(M6PP) ) 

IF (T7.GT.0. ) GO TO 85 
WRITE (6.611) T7 
VT*49.*M74SQRT(T7) 

WRITE (6,612) TF,TT 
FORMAT ■ ‘ “ 

1 9X 

2 5X, jnv I -cJiv.s,'yn t r i f , , 7 a, jrivc^c &v. ^ , Yn ,ri> 

3 6X,2HI«E10.3,6H ( SEC ) ,7X.4HSFC>E10.3,6H (/HR)/ 

4 6X,2HRsE10.3,14X,3HM6»El0.3) 

GC TO 10 


(LB), 

C), 



OPTION 


fFAN EXHAUST DRIVEN LIFT FAN). 


WRITE 16.650) ETAFF.ETAF. ETAC.ETAHT.ETALT.ETAT.ETABB.ETAB.THTPAX, 
I TTMAX.AFF.AF.B.PIFF.FIF.PIC.PIBB.PlB 
F0RMATI////35X.27HFAN EXHAUST DRIVEN LIFT FAN// 


L 9H ETAFF*F6.3,9H ETAF*F6 

I 9H ETALT=F6.3.9H ETAT»F6, 

) 9h THTMAX*F6.l.9H TTMAX«F6 

» 9h B*F6.3.9H P1FF*F6 

i 9H PIBB=F6.3t9H PIB«F6 

C1>(GAM-1. )/GAM 

L-AF*C2/(AFF*8) 

MC0TT«.975*AF/L 
C2«(PIF**Cl-l. )/ETAF 
CA=SQRT(C3) 

C5»(PIFF**Cl-l. I/ETAFF 

C6*SQRT(C5I 

C 7= < P IC ♦*€ 1- 1 . I / £T AC 

C8«519.*L*C3/TTMAX 

C9*IPIB*PIFF|«'Cl*a.-C8/ETAT) 

C1C-C2/ETALT 

Cll=l.>C5 


F6.3.9H 

F6.3.9H 

F6.1.9H 

F6.3.9H 

F6.3) 


ETAC«F6.3,9H 

ETABB»F6.3.9H 

AFF=F6.3.9H 

PIF*F6.3t9H 


ETAHT»F6. 
ETAB»F6. 
AF*F6. 
PIC=F6.5/ 


C12«1.-519.»C11*C7/(THTMAX*ETAHT) 

CI3»1.-C10*C5/(THTHAX/519.-CII*C7) 

C1A»C12*C13 

C15»(PIBB*PIC*PIFFI**CI 
C 16*1. “519. ♦Cll»C7/THT'1AX 
C17»l.“C2*C5/(fHTMAX/519.-Cll*C7) 
C18«(l.-C8)»(l.-1./C9l 
Cl9»iC14*C15-l.)*Cl6*C17/ICl6*C15| 

IF (CI8.GT.0..AN0.C19.GT.0. I GO TO 105 
WRITE (6.651) C18.C19 

FORMAT!/ 3X.4HC16«E11,4,3X,4HC19*E11.4.3X, 

1 20H GOING TO NEXT CASE.) 

6C TO 10 
TF»2432.*AF*C4 
VF*2495.*C4 
VT»5245.*S0RT(C18) 

VE*6003.*SQRT(C19) 

TT*.975*AFF»VT/C2 

TE*.975»AFF*VE/C2 

I«.031* (B*(L*VF+VT )+VE)/( C2+L*B ) 

ABE«(6.733E-3/ETABB)*(THTMAX/519,-Cll*( 1.+C7) ) 

Ae*(6.733E-3/ETAB)*(TTMAX/519.-Cil) 

SFC»1.159E5*(ABB+B*AB)/(6*(L*VF+VT)+VE) 

R*B*CL*VF+VT)/VE 
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APPENDIX 


DERIVATION OF E(^ATIONS 
SYMBOLS 

A fan area, ft^ 

a speed of sound, ft/sec 
B bypass ratio 

Cj see equation (7) 

C 2 see equation (7) 

BTD 

Cp specific heat at constant pressure, 

BTU 

Cy specific heat at constant volinae, 

E exhaust ratis 

- ^ lb-sec 

G aoBentum flux, 

sec 

g acceleration of gravity, 32.2 ft/sec^ 

H heating value of fuel, 18500 BTU/lb 

I specific thrust of entire propulsion system, lb thrust/lb/sec of air flow 
K see equation (7) 

M Mach number 

m mass flow, slugs/sec 
p pressure, Ib/ft^ 

R gas constant for air, 1716 ft^/sec^*R; also ratio of lift fan plus tip 
turbine thrust to engine thrust 

SFC specific fuel consumption of entire propulsion system, Ib/lb/hr 
T tenq>erature, *R, or thrust, lb 

V velocity, ft /sec 

Y specific heat ratio 

12 



n efficiency 

V ratio of total pressurea 

T ratio of total teaperatures 

p density of air, slugs/ft ^ 

Subscripts* 
t total conditions 

CO aafcient conditions 

0 condition at fan face 

B Interbumer 

BB engine burner 

C engine cos 4 >ressor 

E engine exhaust 

F lift fan 

FF engine fan 

HT high-teoperature turi>lne in engine 

LT lower tesperature turbine in engine 

MIX region of mixing between fan and Cv.re air in engine 

T tip turbine 

ASSUMPTIONS 

The following basic assumptions are made in the derivations: 
(a) Calorlcaliy perfect gas 

Cp “ constant 
®p 

Y “ — “ constant 

*Note: For number subscripts, refer to figures. 
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(b) Thermally perfect gas 


p * pRT 

(c) Fuel-to>alr ratio is small, typically about 0.02, and fuel mass can be 
neglected in comparison with air mass. 

The static pressures in the exhaust of the engine, the lift fan, and the 
tip turbine are all assusmd to be atmospheric. Thus, to calculate the thrusts, 
ve must determine the exhaust velocities. 


EXHAUST-BLEED DRIVE STSTQf F(HtMULATI(RI (OPTION 1) 


For the engine and the tip turbine (fig. 1), the exhaust velocities 
depend on Che velocity in the region tdiere the air that has passed throu^ the 
engine fan is mixed with the hot, higher pressure engine core air. 

Conditions in the mixing region are calculated by using the continuity, 
momentum, and energy equations, with the assumption that there is constant 
area mixing. The continuity equation Is 

P5V5 “ PgVfF " ®C + ®AFF 

where is the mass flow through the engine core and m/^yy is the mass 

flow through Che engine fan only. The momentum equation is 

Ayy?5 + P5»^5*^5» “ ^FF^S ® 

where G is the total momentum flux and it is assumed that 

P 5 ’ Ps* 


The energy equation is 



+ ®AFF‘^p'^t 


5» 


(me 


+ *AFF> Vt, 


(3) 


where it is assumed chat 


The static pressure in the mixing region can be written in terms of the 
momentum flux as 



Pe 


G 

Ayyd + YMg^) 


(4) 
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and the use flow per unit area as 


PaV, 


6*6 


Appyrif^ (1 + YMg2) 


( 5 ) 


Substitution of the continuity equation (eq. (1)) into equation (5) leads to a 
polynoBial in the sd-xing Hach mn^r. Mg 


Mg*» + (2K.2 - y)Mg^ + ^ - 0 


iHiich has the solution 


|l/2 


where 


-C, + /c,» - 4Cj 
2 




( 6 ) 


(7) 


C 2(2K^ - y) 

^ Y<2r2 - y + 1) 

C , 2r2 

^ Y^(2R2 - y + 1) 

Equation (7) has p'uyslcally meaningful solutions only if 

A. 


K < 


Before equation (7) can be solved, , pg,, V^,, and Vg must be found. 
Since T,. can be written ^ 


9 i 

®C ®AFF 


( 8 ) 


the solution to equation (7), therefore, depends on conditions at stations 5 
and 5* . 
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The following efficiencies are defined: 


For fans and coapresscrs 


n 


- 1 

T - 1 


and for turbines 


1 - T 


1 ~ r 


(y-i)/y 


where t Is the ratio of total temperatures and n is the ratio of total 
pressures across the component. 

The conditions at station 5 are given by 


»5 - 

nr» — L. 


(9) 


(y-i)/y 

LT 






( 10 ) 


where tMAX 

is the maximum turbine inlet temperature, and the turbine pres- 


sure ratios are 



( 11 ) 


( 12 ) 


( 13 ) 
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However, is a function of pc. which depends on through 


and 


Ps' 



P-’^FF 



y/(y-i) 


( 14 ) 


O.M73B 


(l ♦ H|.) 


<Tt-l)/2(Y-l) 


I... , 


(T+1)/2(y-> 



:: 

> - v(‘ - 

1/2 1 


(15) 


(1 ♦ «V<’LT’'Hr’'**C 




Equation (IS) is a transcendental equation i^ich is solved Iteratively. Now 
Tgi can also be found 


T„n 


Tc. - 


(y-O/y 

FF 


1 


(16) 


The velocity of the hot core air is 


Vg. - 

while the total temperatures of the hot core air and cooler fan air are, 
respectively 


(17) 




(18) 


and 


Tfc • Tt * 

1 ‘■‘if 


(. . 

\ ^FF / 


(19) 


The total temperature in the mixing region is given by equation (8), and 
the static temperature is 


- 


' 1 + 


( 20 ) 
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The static pressure in the mixing region is given by equation (4) and the 
total pressure is 




y/(y-i) 


( 21 ) 




The thrust of the engine exhaust, neglecting turning losses, is 

2 

where the exhaust Mach nuober is 

(y-i)/y 


/ V 

" \l + ^ m2 J 


(22) 


Mg„ 


lY - 1 




(23) 


The engine e^aust is bled, passes through an interbumer to be heated, 
and then goes through a tip turbine to drive the lift fan. The work balance 
for the tip turbine and lift fan is 




(24) 


where 


T,. “ T„ 

* * 

If the tip-turbine and lift-fan exhausts are expanded to ambient pressure 

**8 “ ^10 “ **« 

and the thrusts of the lift fan and tip turbine, respectively, are 

- Vs 

- V7 ♦ 

The exhaust Mach number of the lift fan is 

M? “ T^T ■ ■'f' 


(25) 

(26) 

(27) 
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where 


T 


F 


X + 


,(y-i)/y 
’V 


1 


and the llft-fan thrust Is 


Ip - “-<^F - • 


(28) 


The Mach number of the tlp-turblne exhaust Is 


«7 


' r (y-i)/y 1 

4 ^) ■ 


(29) 


where 


/p . 


E) 


(30) 


and 3!^^ Is the maximum Interburner temperature. The thrust of the tip- 
turbine exhaust is 


T^ - p.V.ApM^d - E)/^ 


(31) 


where 


T 
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TJ^d - Tp) 



(1 - E) 


(32) 


The specific thrust is 
system divided by the total 


defined here as the total thrust of the propulsion 
airflow through the system; 


I 


T + T + T 
F T E 


(33) 


The thrust ratio is defined as 


R 


1 + T 

T 


‘E 


(? 4 ) 
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The specific fuel consumption of the propulsion system is 


SFC 


3600g(4g + fiigj) 


( 35 ) 



FAN-BLEED DRIVE SYSTEM FORMULATION (OPTION 2) 


It is assumed that all the bypass air is bled, passed through an Inter- 
bumer to be heated, and goes through the tip turbine to drive the lift fan 
(see fig. 2) . 


The thrust of the lift fan is given by equations (25), (27), and (28), 
The thrust of the engine fan is 



BpoV.App 

B + 1 



(38) 


The thrust of the tip turbine is given by 


T 


T 



where 

^ ” B + 1“ 


(39) 
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and 



Here, L is lift- fan ratio, defined as 




(41) 


The thrust of the engine cdre flow is 

■ Vs 

where 

“C ’ B + 1 


(42) 


The engine exhaust velocity is 

. 1/2 


^ht'^lt 

Cw _ _ ’.(Y-O/yI 

^ HT LT^ ^ BB C FF^ J 


LT BB C FF 


- 1 


1/2 

li 


1/2 


(43) 


where ir, 


(y-D/y 


LT 

tively, and 


and 


/y-D/y 

HT 


are given by equations (11) and (12) , respec- 



( 44 ) 
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( 45 ) 



The expressions for specific thrust, thrust ratio, and SFC are the same 
as given in equations (33), (34), and (35); however, the mass flow through the 
interburner is different. The expression which replaces equation (36) is 
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Figure 1.- Option 1; exhaust-bleed drive. 


0 1 2 3 4 ft 

FF C iB HT LT 
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Figure 2.- Option 2: fan-bleed drive. 
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